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Abstract: In an Organic Rankine cycle (ORC) system, the working fluid pump plays an important role in the 
system performance. This paper focused on the operating characteristics of a multistage centrifugal pump at 
various speed and condensation conditions. The experimental investigation was carried out to assess the 
influence of the performance of the pump by the ORC system with special attention to actual net power output, 
thermal efficiency as well as back work ratio (BWR). The results showed that an increase in the pump speed 
led to an increase in the mass flow rate and expand in the operating range of the outlet pressure. The mass 
flow rate decreased nonlinearly with the increase of the outlet pressure from 0.22 to 2.41 MPa; the electric 
power consumption changed between 151.54 and 2409.34 W and the mechanical  efficiency of the pump 
changed from 7.90% to 61.88% when the pump speed varied from 1160 to 2900 RPM. Furthermore, at lower 
pump specific speed the ORC system achieved higher thermal efficiency, which suggested that an ultra-low 
specific speed pump was a promising candidate for an ORC system. The results also suggested that the effects 
of condensation conditions on the pump performance decreased with the pump speed increasing and BWR 
was relatively sensitive to the condensation conditions, especially at low pump speed.  
Keywords: Waste heat recovery; Organic Rankine cycle; Multistage centrifugal pump; Operating 
characteristics; Various condensation conditions; BWR  
 
1. Introduction 
Along with technological progress and rapid economic development, the demand for energy has rapidly 
increased. The total energy consumption has experienced a rapid growth, jumping by 1.92 times between 2000 
and 2015, and reached 4.299 billion tons of coal equivalents in 2015 [1]. An excessive reliance on traditional 
energy sources (coal, oil, and natural gas) makes us face significant problems of energy shortage and 
environmental deterioration [2]. However, the total amount of waste heat and renewable energy are substantial, 
and it is essential and meaningful to integrate waste heat and renewable energy into future energy systems in 
order to save resources, improve energy efficiency, reduce emissions, and protect the environment. Currently, 
organic Rankine cycle (ORC) systems which convert low grade waste heat and renewable energy to useful 
power, have aroused a widespread concern of scholars due to their simple structure, high efficiency and 
environmental friendliness [3]. 
ORC systems are designed for numerous energy sources, including geothermal [4-6], biomass [7,8], solar 
sources [9,10], waste heat [11-13], and many other areas [14]. Currently, both theoretical analysis [15,16] and 
experimental tests [17,18] were conducted to improve the system performance. Shu et al. [19] designed a dual-
 loop ORC system and compared six working fluids to search for a proper working fluid with high thermal 
performance. They proposed that R1234yf was a better working fluid for high operating load in theory. Wang 
et al. [20] evaluated the performance of five different ORC configurations based on the first and second laws 
of thermodynamics to obtain the maximum thermal efficiency for each ORC configuration by theoretical 
analysis. They indicated that the ORC with an internal heat exchanger had the best thermodynamic performance. 
Yang et al. [21] theoretically established thermodynamic, economic and optimization models to investigate a 
dual loop ORC system for waste heat recovery by comparing the superheat degree and exhaust outlet 
temperature. They found that a higher evaporation pressure and a lower condensation pressure exhibited a 
positive effect on the performances of the ORC system. Zhang et al. [22] experimentally tested the effects of 
expander torque and diesel engine loads on the performance of an ORC system for waste heat recovery from a 
diesel engine exhaust gas. They concluded that single-screw expanders were suitable for small/medium scale 
ORC systems, which can obtain a good performance at low-medium rotational speed. Pu et al. [23] conducted 
a small scale ORC experiment system using a single stage axial turbine expander coupled with a permanent 
magnet synchronous generator. They indicated that the electric power output of R245fa was greater than that 
of HFE7100 at the same pressure drop. Kang [24] also designed and developed an ORC that generated electric 
power with a radial turbine directly connected to the high-speed synchronous generator. A review of literature 
in the past decades revealed that many current studies focus on configuration improvement, thermoeconomic 
analysis, expander selection, and etc. 
A working fluid pump forces the working fluid to circulate and raise its pressure from the value at the 
condenser to that required in the evaporator [25]. In an ORC system, the working fluid pump determines the 
mass flow rate and the evaporation pressure. In addition, the two parameters have significant effects on the 
overall performance of the ORC system [26-28]. However, the study on working fluid pumps in the ORC system 
can be categorized as follows: a) Ignoring the electric power input of working fluid pumps; b) Theoretical 
calculating the electric power input of working fluid pumps. Table 1 gives detailed research methods for 
working fluid pumps in ORC systems [29-34]. As can be seen from the table, little research on working fluid 
pumps took the operating conditions into account. Borsukiewicz-Gozdur [25] stated that the pumping work 
should usually be taken into account in the calculations of the ORC power plant output and efficiency. Bianchi 
et al. [35] presented that pumping work in energy recovery units based on ORC can severely affect the net 
power output recovered. Quoilin et al. [36] presented that the power consumption of the pump should be 
considered in the calculations of the thermal efficiency and net power output of the ORC system. Furthermore, 
multistage centrifugal pumps were widely used in the ORC systems for their superior performance and a wider 
range of heat-source temperature. 
A review of the previous literature revealed that very few studies specifically focused on the performance 
of working fluid pumps and their effects on the overall performance of the ORC systems. Moreover, the effects 
of the condensation conditions on the performance of working fluid pumps were rarely studied. Further 
investigation is needed to improve the system efficiency and reduce the electric power consumption of working 
fluid pumps. In this paper, a multistage centrifugal pump [37,38] was selected as the working fluid pump since 
its wide operating range, high efficiency, low cavitation, high reliability, compact structure and convenient 
maintenance. R245fa [39,40] was selected as the working fluid in the ORC system. To illuminate the effect of 
the operating performance of the pump, key parameters at various speed under different condensation conditions 
were analyzed. Furthermore, a theoretical analysis based on the experimental data was performed to assess the 
effects of pump operating conditions on the performance of the ORC system, and identify optimum operating 
conditions.  
 
 
 
 
 
 
 
 
 
 Table 1. Study methods for working fluid pumps in the ORC system. 
Authors 
Working 
fluid 
Pump Research 
methods for 
working fluid 
pumps 
Condensation 
temperature 
Heat-source 
temperature 
Output power 
range 
Li et al. [29] R123 Hydraulic 
Diaphragm 
Pump 
Calculated by 
enthalpy 
difference 
300-314 K 403K Maximum:  
6 kW 
Zheng et al. [30] R245fa Diaphragm 
Metering Pump 
Not considered 296 K 363 K 0.05-0.35 kW 
Zhou et al. [31] R123 Multistage 
Centrifugal 
Pump 
Calculated by 
enthalpy 
difference 
323-363 K 363-493 K Maximum:    
0.645 kW 
Kang [24] R245fa Multistage 
Centrifugal 
Pump 
Calculated by 
enthalpy 
difference 
310-313 K  Maximum:  
32.7 kW 
Pei et al. [32] R123 Multistage 
Centrifugal 
Pump 
Calculated by 
enthalpy 
difference 
302-303 K  3.75 kW 
Li et al. [33] R123 Multistage 
Centrifugal 
Pump 
Calculated by 
enthalpy 
difference 
303 K 373-343 K  
Miao et al. [34] R123 Gear pump Calculated by 
enthalpy 
difference 
288-297 K 413 K, 433 K Maximum:  
2.35 kW, 3.25 
kW 
2. Methodology 
2.1. Experimental setup 
The experiment was designed to investigate the operating performance of a multistage centrifugal pump 
used in an ORC system. The heat-source temperature varied from 367.67 K to 438.69 K and power generation 
range was between 1.03 kW and 38.95 kW. R245fa was selected as a working fluid. A schematic drawing of 
the experimental setup is shown in Figure 1. The details of the experimental setup were described in Ref. [41]. 
The specifications of the multistage centrifugal pump are provided in Table 2. A cut-off valve was located after 
the outlet of the multistage centrifugal pump to create the required pressure difference across the pump from 
0.22 to 2.41 MPa. A frequency converter was installed to vary the pump speed in a range of 1160–2900 RPM. 
Additionally, we control the conditions of the reservoir by adjusting the heating power of the heater band to 
maintain a certain condensation temperature and pressure. Pressures and temperatures of the working fluid at 
the pump inlet and outlet were measured. A mass flow meter was installed at the back of the cut-off valve to 
measure the mass flow rates. The electric power input of the pump was measured using a power meter. The 
repeated experimental data were collected by an Agilent data acquisition instrument at steady state conditions. 
Table 3 shows the main specifications of the sensors. 
 
 
Figure 1. Schematic layout of the experimental setup. 
 Table 2. Specifications of the multistage centrifugal pump used in the paper. 
Item Value 
Model CR3-29 
Rated speed 2900 RPM 
Rated volume flow rate 3 m3/h 
Rated head 139.5 m 
Rated power input 2200 W 
Table 3. Parameters of the sensors. 
Sensor Type Measurement range Accuracy 
Inlet pressure SMP131 (Diffusion Silicon) -0.1 to 1.0 MPa ±0.5% 
Outlet pressure SMP131 (Diffusion Silicon) 0.0 to 3.0 MPa ±0.5% 
Temperature LG100 (Thermal Resistance) 73 to 873 K ±0.5 K 
Mass flow meter Coriolis Mass Flowmeter 0–10 t/h ±0.15% 
Power meter Frequency conversion power meter 0–5000 W ±0.5% 
2.2. Testing procedure 
During the experiment, R245fa in the reservoir was fed to the pump and pressurized. The high-pressure 
working fluid was thereafter discharged and flowed through the cut-off valve, the filter, and the mass flow 
meter. Finally, the working fluid flowed back to the reservoir to complete a cycle. Moreover, the condensation 
conditions are listed in Table 4, showing condensation temperatures and their corresponding saturated pressures. 
Noted that the condensation temperatures have a fluctuation of ±2.00 K and their corresponding pressures 
fluctuate for ±0.02 MPa. The temperature and pressure of the working fluid in the reservoir were set to the 
corresponding condensation temperature and pressure in the ORC system. The pressure losses between the 
outlet of the pump and evaporator were not taken into account [42]. The outlet pressure of the pump simulates 
the evaporation pressure in the ORC system and the corresponding saturation temperature is the evaporation 
temperature. The obtained mass flow rate of R245fa was considered the mass flow rate of the ORC system. 
Table 4. The condensation conditions. 
Case Temperature Pressure 
1 303 K 0.18 MPa 
2 313 K 0.25 MPa 
3 323 K 0.34 MPa 
2.3. Theoretical analysis  
A typical T-s diagram of an ORC system is shown in Figure 2 [39]. 
 
Figure 2. The T-s diagram of the basic ORC system 
In the ORC system, the change of thermodynamic parameters will affect both pumping work and the 
power output of the expander. The effects of different condensation conditions on the specific pumping work 
were analyzed by theoretical calculation. 
 The specific pumping work refers to the electric power consumed for pumping a unit mass of working 
fluid, given by: 
?̇?𝑃 =
ℎ2𝑠 − ℎ1
𝜂𝑃
 (1) 
where P
&W  is the specific electric work required to pump a unit working fluid. h2s and h1 represent the 
working fluid specific enthalpy at the pump outlet and input, respectively. P

 denotes the pump efficiency 
which was assumed 0.80 [43]. Figure 3 shows the specific pumping work against the outlet pressure at different 
condensation conditions. It can be observed that an increase in the outlet pressure or a decrease in condensation 
temperature results in an increase of the specific pumping work. The reason is that the difference of enthalpy 
between the outlet and inlet of working fluid pumps increased, which makes the specific pump work increase. 
The maximum value of the specific pumping work was 2.13 kJ/kg at the outlet pressure of 2.43 MPa with the 
condensation temperature of 303 K. 
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Figure 3. Theoretical analysis on the specific pumping work with the outlet pressure. 
3. Experimental results and discussion 
3.1. Mass flow rate 
Figure 4 shows the effects of the outlet pressure on the mass flow rate at various condensation temperature 
and pump speeds. The results suggested that the mass flow rate decreased nonlinearly with the outlet pressure 
increasing. Furthermore, it can be noticed that when the pump operated at high speeds, higher mass flow rate 
and outlet pressure were achieved, which suggests that the ORC system can be implemented to a wider range 
of heat sources. The peak of mass flow rate was 5.55 t/h at the outlet pressure of 1.10 MPa and 2900 RPM 
speed. Figure 5 demonstrates the effects of condensation conditions on the mass flow rate for a certain outlet 
pressure. The condensation conditions strongly affected the mass flow rate at low pump speed. When the outlet 
pressure is 0.50 MPa and the condensation temperature varied from 303 K to 323 K at 1160 RPM pump speed, 
the mass flow rate changed from 1.34 to 2.15 t/h, increased by 60.45%; however, at 2900 RPM pump speed, 
the mass flow rate changed from 5.00 to 5.49 t/h, increased by only 9.80%. This suggested that the effects of 
condensation conditions on the mass flow rate were more sensitive at low pump speed. The reason might be the 
greater leakage and low pump efficiency at low speed. Moreover, increasing pump speed can increase the mass 
flow rate when the outlet pressure was fixed. 
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Figure 4. Variation of the mass flow rate for various condensation conditions. 
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Figure 5. Variation of the mass flow rate at various pump speeds 
3.2. Electric power consumption 
Figs. 6 and 7 depict the electric power consumption of the pump at different outlet pressure, condensation 
condition, and pump speed. As can be seen in Figure 6, the electric power consumption increased first and then 
decreased sharply with the increase of the outlet pressure at a fixed condensation condition and pump speed. 
This may attribute to the rapidly reduced mass flow rate at the highest outlet pressure. The maximum of the 
electric power consumption was 2409.34 W when the pump operated at 1.61 MPa and 2900 RPM, which was 
rather significant and cannot be neglected when considering the ORC performance. Besides, it also can be 
observed in Figure 6 that the condensation condition has a marginal impact on the electric power consumption 
 regardless of the other parameters. Meanwhile, it is noted that the electric power consumption increased with 
the pump speed owing to the grown load. 
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Figure 6. Electric power consumption at various pump speed  
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Figure 7. Electric power consumption at various condensation condition 
3.3. Specific speed 
The specific speed, ns, plays a significant role in evaluating the characteristics of working fluid pumps, as 
it considers the flow rate, head and pump speed. The definition of specific speed is given as follows： 
 1/2
v
s 3/4
3.65
nq
n
H
   (2) 
where n is the pump speed, qv represents the volume flow rate of working fluid, and H denotes the energy 
gain of the working fluid in the pump neglecting elevation head and velocity head. The effects of the outlet 
pressure on the specific speed under different condensation conditions for various rotational speeds are 
presented in Figure 8. The specific speed decreased nonlinearly from 67.30 to 2.10 with the increase of the 
outlet pressure. A low specific speed means the working fluid has a low flow rate and high outlet pressure which 
is more suitable for an ORC system. Furthermore, a broader range of specific speed appeared when increasing 
the pump speed. Figure 9 demonstrates the effects of condensation conditions and the pump speed on the 
specific speed. It can be observed that the specific speed increased with the pump speed and was also affected 
by condensation conditions. Also, the specific speed was low when the working fluid was at low condensation 
temperature owing to a low inlet pressure. 
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Figure 8. Variation of the specific speed for various condensation conditions. 
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Figure 9. Variation of the specific speed for various pump speeds. 
 3.4. Mechanical efficiency 
The mechanical efficiency of the pump was calculated by: 
η𝑃 =
𝑞𝑣(𝑝2 − 𝑝1)
𝑊𝑃,𝑎𝑐
 (3) 
where p2 and p1 represent the pressure at the pump outlet and inlet, respectively. WP, ac is the electric power 
consumption. 
3.4.1. Effects of the outlet pressure on the mechanical efficiency of the pump 
Figure 10 illustrates the effects of the outlet pressure on the mechanical efficiency of the pump at different 
condensation conditions and pump speeds. The efficiency climbed to a peak and rapidly dropped with the 
increase of outlet pressure. When the outlet pressure of the multistage centrifugal pump exceeds the optimal 
operating point, the mechanical efficiency of the pump decreases obviously with the outlet pressure increasing, 
which is mainly due to the following reason: Firstly, the pump operated at the off-design condition. The low 
mechanical efficiency of the pump is probably attributed to the large difference between inlet and outlet pressure 
accompanied with a very small flow rate. Secondly, the internal leakage was aggravated by the working fluid 
with high pressure difference and low viscosity. Thirdly, the suction vacuum will increase as the pump outlet 
pressure increases, which will aggravate cavitation problems. The peak efficiency always appeared at the 
medium-high outlet pressure. At low pump speed, the overall pump efficiency was lower and the condensation 
condition had a significant effect on pump efficiency. Higher condensation temperature shifted the peak 
efficiency towards higher outlet pressure but did not change the value very much. This effect became less at 
higher speed and nearly negligible at the top speed. And it is observed that the mechanical efficiency of the 
pump changes from 7.90% to 61.88% and is strongly influenced by operating conditions of the multistage 
centrifugal pump. Consequently, We should try to make the pump run at the best mechanical efficiency point 
to avoid effective energy waste, and the variation of the pump performance should be considered when the ORC 
performance is analyzed. the efficiency of the multistage centrifugal pump varies in a wide range, so the 
assumption of mechanical efficiency of the pump should vary with different operating conditions to accurately 
analyze the performance of the ORC system.  
 
  
(a) 1160 RPM (b) 1740 RPM 
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Figure 10. The effects of the outlet pressure on the mechanical efficiency of the pump. 
3.4.2. Effects of the specific speed on the mechanical efficiency of the pump 
Figure 11 shows the pump efficiency against specific speed at different pump speed and condensation 
conditions. Little effect of condensation condition was observed, which is echoed by the previous discussion.  
however the efficiency varied significantly with specific speed and the optimal conditions were selected and 
listed in Table 5. The results suggested that regardless of other operation conditions, the optimum specific speed 
was always about 8. Comparing with the other pumps, ultra-low specific speed pumps seem a superior selection 
for an ORC system. 
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 Figure 11. The effects of the specific speed on the mechanical efficiency of the pump. 
Table 5 The optimum specific speed under various pump speed. 
Case 
Pump 
speed 
(RPM) 
Specific 
speed 
Mechani
cal 
efficiency 
of the 
pump 
(%) 
Mass 
flow rate 
(t/h) 
Head (m) 
Outlet 
pressure 
(MPa) 
Electric 
power 
input 
(W) 
1 
1160 8.40 44.95 1.68 19.99 0.45 203.11 
1740 8.14 57.47 2.50 46.67 0.81 552.17 
2320 8.75 59.79 3.46 77.31 1.20 1218.30 
2900 8.43 58.35 4.13 123.05 1.81 2370.17 
2 
1160 8.74 45.64 1.71 19.50 0.50 199.24 
1740 8.13 57.20 2.42 46.41 0.85 534.06 
2320 8.15 61.88 3.21 82.05 1.31 1159.37 
2900 8.74 60.91 4.26 121.48 1.81 2311.51 
3 
1160 8.00 47.32 1.59 21.19 0.60 193.52 
1740 8.40 59.19 2.45 45.55 0.90 513.91 
2320 7.42 60.70 2.83 86.70 1.43 1099.91 
2900 9.18 60.22 4.35 116.99 1.81 2298.17 
4. Thermodynamic analysis for the ORC system 
In this section, a theoretical analysis of an ORC system was carried out to further understand the impact 
of pump characteristics on system performance. A typical T-s diagram of an ORC system has been shown in 
Figure 2 . Same operation parameters, namely the condensation pressure and temperature, evaporation pressure 
and mass flow rate from the aforementioned experiments were adapted in the following theoretical analysis. 
Additionally, in the thermodynamic analysis for the ORC system, the degree of superheat at the expander inlet, 
expander isentropic efficiency were considered 0℃ [43] and 73% [44], respectively. Furthermore, some of the 
assumptions, no pressure losses and heat losses of the working fluid in the pipelines, evaporator, condenser, 
ignorance of two-phase flow considerations, used in this paper [45]. BWR, the system actual net power output 
and the thermal efficiency were used to evaluate the performance of the ORC system.  
4.1. Effects of the evaporation temperature on BWR 
BWR denotes the ratio of the electric power consumption of the working fluid pumps to the net power 
output of the ORC system. It is calculated by: 
𝐵𝑊𝑅 =
𝑊𝑃
𝑊exp
 (4) 
Figure 12 shows the effects of the evaporation temperature on BWR at different condensation conditions 
and pump speeds. The solid curves illustrate actual BWR considering the electric power consumed by the pump; 
the dotted line indicates theoretical BWR assuming the pump efficiency as 0.80. Lower BWR is preferable as 
it indicates a better capability of the system to produce useful power. Theoretically calculated BWR increased 
slightly with evaporation temperature, and the value remained at a very low level below 0.05 across all cases. 
But the actual BWR was completely different. At each operation condition, there existed an optimal evaporation 
temperature corresponding to the lowest BWR. Either lower to higher the evaporation temperature resulted in 
a rapid increase of BWR. This deterioration effect was more notable when evaporation temperature was higher 
than the optimal temperature. Several degrees of temperature increase can lead to a great leap of BWR, which 
should be avoided when operating the system. When the pump operated at its optimal condition, BWR was 
reasonably close to the theoretical calculation. This suggests that the assumption of 80% pump efficiency was 
reasonably accurate. However, when the operation condition moved away from these conditions, BWR could 
be as high as 5 times of the lowest values. As a result, assuming pump having a constant efficiency can bring a 
significant error in the theoretical evaluation, and the assumption must be corrected. 
 300 310 320 330 340 350
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
Evaporation temperature (K)
 
 
 303 K  313 K  323 K
Condensation
 temperature:
B
W
R
 
310 320 330 340 350 360 370
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
Evaporation temperature (K)
 
 
 303 K  313 K  323 K
Condensation
 temperature:
B
W
R
 
(a) 1160 RPM (b) 1740 RPM 
310 320 330 340 350 360 370 380 390
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
 
 
 303 K  313 K  323 K
Condensation
 temperature:
B
W
R
Evaporation temperature (K)  
310 320 330 340 350 360 370 380 390 400 410
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
Evaporation temperature (K)
 
 
 303 K  313 K  323 K
Condensation
 temperature:
B
W
R
 
(c) 2320 RPM (d) 2900 RPM 
Figure 12. The effects of the evaporation temperature on the BWR. 
4.2 Effects of the evaporation temperature on the actual net power output 
The difference between the power output from expander and the electric power consumption of the pump 
was defined as the ORC system actual net power output: 
exp , ORC P acW W W, net  (5) 
where ,netORC
W
 is the actual net power output of the ORC system, exp
W
 represents the power output in the 
expander. Figure 13 indicates the effects of the evaporation temperature on the actual net power output at 
different condensation conditions and pump speeds. In general, a lower condensation temperature resulted in a 
higher net power output which was proven by all the previous researchers, however, there is a practical 
challenge as a certain temperature gas is needed to allow effective heat transfer during condensation, therefore 
low condensation temperature might not be feasible in practice. It is also evident that at each condition, there 
existed an optimal evaporation temperature that delivered a peak net power output, which sharply dropped when 
moving away from the optimal evaporation temperatures. Furthermore, noted that the optimum temperature 
increases with the pump speed. Moreover, with the increase of the pump speed, the range of evaporation 
temperature and the actual net power output is wider, varying in the range of 309.28-404.60 K, 38947.44-
1034.01 W, respectively. 
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Figure 13. The effects of the evaporation temperature on the actual net power. 
4.3 Effects of the specific speed on the thermal efficiency 
The thermal efficiency of the ORC system is defined as the ratio of net power output to heat absorption 
rate: 
𝜂𝑡ℎ =
𝑊𝑂𝑅𝐶,𝑛𝑒𝑡
𝑞𝑚(ℎ3 − ℎ4𝑠)
 (6) 
where qm is the mass flow rate of the system; h3 is the enthalpy of the inlet of the expander, h4s is the 
enthalpy of the outlet of the expander. Figure 14 indicates the system thermal efficiency against specific speed 
at different condensation conditions and pump speeds. Lower condensation temperature as expected had higher 
efficiency but as previously discussed, there may be practical challenge to achieve this. The system achieved 
the maximum efficiency at the specific speed of 5 at all conditions. As specific speed increased, the thermal 
efficiency significantly reduced. In total, the thermal efficiency can reach up to 13.22% which shows that the 
multistage centrifugal pump is suitable for ORC system with evaporation temperature in the range of 309.28-
404.60 K. 
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Figure 14. The effects of the specific speed on the thermal efficiency. 
5. Conclusions 
In this paper, a multistage centrifugal pump was  used as the working fluid pump for an ORC system and 
R245fa was selected as the working fluid. Experimental studies were conducted to evaluate the pump 
characteristics including mass flow rate, electric power consumption and mechanical efficiency. The effects of 
the condensation condition, outlet pressure and pump rotational speed were investigated. In addition, the 
experimental results were used to assess the performance of the pump on the ORC system which provided a 
basis for the optimization of pump operation. The main findings are summarized as follows: 
(1) The operating range of the mass flow rate and the outlet pressure is broadened when the multistage 
centrifugal pump runs at a high speed, the variation of the mass flow rate is between 0.38 and 5.55 t/h with 
the outlet pressure in the range from 0.22 to 2.41 MPa, which suggests that the matched ORC system can 
have a wider range of high temperature heat sources. Moreover, the pump can reach a maximum 
mechanical efficiency of 61.88%. 
(2) The condensation conditions have a weak impact on the performance of the multistage centrifugal pump. 
However, increasing the condensation temperature can improve the performance of the ORC system. 
(3) A larger electric power consumption of working fluid pumps should not be ignored in the ORC system. 
The electric power consumption of the multistage centrifugal pump increases first and then decreases with 
the increase of  outlet pressure, ranging between 151.54 and 2409.34 W. 
(4) The optimum specific speed, corresponding to a high pump mechanical efficiency, about 8, is weakly 
affected by condensation conditions and pump rotational speeds. The process of matching a suitable 
working fluid pump with the ORC system should focus on a working fluid pump with an ultra-low specific 
speed.  
The experimental results can be helpful for the control of working fluid pumps used in the ORC system 
and the optimization of the system performance. Further work will be conducted with a view to decreasing the 
electric power consumption of the pump and increasing the net power output of the ORC system by adjusting 
the pump structure, optimizing the ORC system layout. 
Nomenclature 
h     enthalpy (kJ·kg-1) 
H     head (m) 
n     speed (RPM) 
p     pressure (MPa) 
q     flow rate (t·h-1; m3·h-1) 
W    power (W)  
   specific work (kJ·kg-1) W&
 Greek letters 
η  efficiency (%) 
Subscript 
ac      actual 
exp     expander 
m      mass 
net     net 
P      pump 
S      specific 
th     thermal 
V      volume 
1      inlet state of working fluid pump 
2s     ideal outlet state of working fluid pump 
2      actual outlet state of working fluid pump 
3       inlet state of expander 
4s       ideal outlet state of expander 
Acronyms 
BWR    back work ratio 
CFD    computational fluid dynamics 
CHP    combined heat and power 
GWP    global warming potential 
ODP    ozone depression potential 
ORC    organic Rankine cycle 
RPM    revolutions per minute 
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